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IN a paper on Tendon Reflex and Clonus Phenomena,
published in August 1880,1 I had occasion to refer to the
increase of the reflex function of the spinal cord which occurs
in cases in which the nervous communications between it and
the brain have been severed or obstructed. I there stated,the
ordinary explanation, viz. that in the optic lobes in the frog,
and there or thereabouts in the higher animals, there exists an
inhibitory centre.
This theory, although useful to us in many ways in the
present state of our knowledge, can never be regarded as an
exact explanation of the phenomena. Apart from the expe-
rimental evidence against it, viz. that stimulation of any
afferent nerve will, in the absence of cerebrum optic lobes and
medulla oblongata, cause inhibition of reflex action, we must
remember that for general reasons an increase of reflex action on
removal of the brain is to be expected. In the entire animal the
effects of a peripheral stimulus are carried in part to the motor
centres in the cord and in part to the brain, in the former result-
ing in motion, in the latter in sensation. In the decapitated
1
 'Edin. Med. Joom.,1 Aug. 1880.
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animal, on the other hand, the nerve channels leading to the
brain are cut, and hence the effects of a peripheral stimulus are
manifested as motion alone. Of course similar explanations of
this increase in the reflex function of the cord on removal of
the higher centres, and similar viewB as to the functions of the
cerebrum have been held by many. Schiff * is of this opinion,
and in support of it he mentions two interesting experiments.
One is that in the decapitated newt it will be found that a
stimulus applied to the hind legs or tail will produce move-
ments of these parts more and more readily, the more of the
upper part of the cord is separated from the lower. The other
is, that in the frog the response of the fore legs to peripheral
stimulation, by pinching the toe^, is increased if the spinal cord
be divided in the middle of the back.
That the nature of the influence exercised by the brain on
the lower parts of the nervous axis has been recognised is
apparent Thus Lauder Brunton and Carpenter refer to it
when they give instances of how the brain can put a check
upon the bodily action which some peripheral stimulus would
directly produce. For example, Carpenter1 says: " A man con-
siders himself to have received an affront or injury, which his
first impulse is to resent. He restrains himself, however, by a
strong effort from immediate action, that effort being the
determinate expression of the general conclusion he may have
long ago arrived at, that such immediate-action is undesirable."
Lewes8 takes a similar view of the action of the brain, and
says: " In spite of the eminent authorities countenancing the
hypothesis of a particular set of inhibitory nerves and parti-
cular centres of inhibition, I must confess that the hypothesis
appears to me inadmissible."
Maudesley4 says, " the power of the understanding is reflective
and inhibitory, being exhibited rather in the hindrance of
passion-prompted action, and in the guidance of our impulses
than in the instigation of conduct; its' ofiBce in the individual,
as in the race, is, as Comte systematically and emphatically
pointed out, not to impart the habitual impulsion but delibera-
tive." Maudesley, however, has certain views as regards the
• • Fliyslologie des Menschen,' I. p. 201. • • Mental Physiology,' p. 421.
• < Physical Basis of Mind,' p. 299. • ' Phyriology of Mind,' p. 868.
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influence of the brain on the lower centres different from those
advocated in this paper.
Langendorff in his article on " Reflex Inhibition " in Du Bois-
Reymond's ' Archives of Physiology,' 1877, has the following
among his conclusions :—
" Die cerebrale, oder wie ich sie lieber nennen mochte, die
psychische Form der Reflexhemmung ist eine specifische
Function gewiaser Theile des Gehirnes, die wahrend des Lebens
sich in einer mittleren tonischen Erregung befinden. Es
existiren also reflexhemmende Mechanismen. Der Sitz der-
selben ist nicht ausschliesslich in den Lobi optioi zu suchen,
sondern auch das Grosshirn nimmt an dieser Thatigkeit
TheiL
" Ich betrachte die durch die Reflexhemmung zum Ausdruck
gelangende Fahigkeit des Gehirns als einen wesentlichen
Factor seiner Intelligenz.
" Damit steht in Uebereinstimmung, dass beim neugebornen
Thiere die oerebrale Reflexhemmung fehlt, und dass sie sich
erst einstellt, wenn das reifende Bewusstsein die Actionen
des Korpers einer Controle zu unterwerfen vermag."
The observer who demonstrated the absence of the cerebral
reflex inhibition in the new-born animal was Soltmann, and it
is interesting to note in connection with this that according to
him stimulation of Hitzig's cerebral areas in new-born ftnimaia
does not give rise to- the usual localised movements.
Finally, Oharcot,1 as the result of a consideration of the
physiology, histological examination, and chemical analysis
of the brain in the new-born animal, says: " A cet age, le
cerveau n'existe pas encore; an triple point de vue anatomique
functdonnel et pathologique, c'est un organe indifferent."
So much for the nature of the influence of the brain over the
reflex function of the lower parts of the nervous axis; to demon-
strate its action many experiments have been made.
Setschenow experimented as follows :—He immersed the foot
of the frog in a dilute solution of sulphuric acid, and noted by
a metronome the time which elapsed until the foot was with-
drawn. He then divided the brain between the optic lobes and
1
 ' Le^ traB snr lea Localiiations darn les Haladiei du Oervean et de la Mocllo
<*pthifere, 1878-1880,' p. 190.
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medulla oblongata, and on repeating the immersion he found
the time which elapsed before withdrawal to be diminished.
These results have been corroborated by many other obser-
vers, whom it is unnecessary to quote, but it is necessary
to mention that Herzen and Langendorflf demonstrated that
there is also an increase in the reflex excitability of the cord
when the cerebral hemispheres have been separated from
the parts beneath by a section through the optic thalami.
Setochenow had asserted that such an operation caused a
diminution of the reflex irritability, but these ©"bseryers found
that when it was performed with a sharp knife, an increase
always occurred.
In the experiments which I have made, and to which I now
wish to direct attention, I have endeavoured to estimate
not the diminution in the time of reflex action which occurs
on removal of the higher nerve centres, but the increase in the
intensity of the muscular contraction. The arrangements for
the experiments were as follows:—
The frog was fixed so that, the tendo Achillis having been
divided, the gastrocnemius hung vertically. With the tendo
Achillis was connected a weighted lever, and to this lever was
attached a pointer, which marked on a smoked surface the
height to which the lever rose at each contraction of the
gastrocnemius muscle. The weights were 1 or 2 drachms.
Stimulation was effected by single induction shocks, the wires
(thin ones) from the secondary coil being tied in some cases to
the fore legs, in other cases to a fore leg and the hind leg of
the side opposite to the one in which the gastrocnemius was
detached. The position of the secondary coil was noted, and
was, of course, the same all through the experiment, and the
wires were not removed from the legs till its conclusion.
The plan of each experiment was to throw in a certain
number of shocks at intervals of 30 sees, of such a strength as
to produce slight or medium contractions of the gastrocnemius.
Secondly, to decapitate or divide the medulla; and thirdly,
after two to five minutes' interval, to throw in a similar number
of shocks at similar intervals. The height to which the lever
rose at each contraction being marked on the smoked surface,
any increase or diminution after decapitation could easily be
noted.
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Before referring in detail to the results of my experiments,
I must mention that I made a number of experiments on the
decapitated frog to test the influence of time on the reflex
irritability of the nerve centres. I did so from a consideration
of what George Henry Lewes had noted years ago, and what
Goltz and his pupils have demonstrated lately on the dog,
YVZ. that the reflex function is not manifested thoroughly until
a certain time has elapsed after the operation. As, the result
of experiments performed in the method above described, I
found that if the decapitated frogs were kept in a moist
chamber, irritability remained, and was often increased in
periods varying from six to thirty-six hours after decapitation.
Let me now direct attention to the experiments detailed in
Table I.
TABLE I.
Number
of
Experi-
ment.
1
2
8
4
5
6
7
8
9
10
11
12
Strength
of •
Cur-
rent*
M.
B.
8.
8.
a.
B.
W.
8.
8.
8.
W.
M.
Height to which
the weight was
raised by 10
contract tons.
In the
Intact frog.
token to
eqoal one.
1-6 in. = 1
0-76 ,
1-8 ,
1-2
 r
0-9 ,
1-9 ,
0-17 ,
1 06 ,
027 ,
1-16 ,
= 1
, = 1
= 1
> = 1
= 1
! = i
, = i
, = i
, = i
1-6 „ = 1
1-6 „ = 1
Proportionate
height to which
the weight was
raised by 10
contractions
a tew rainutea
after
decapitation.
1 1 9
118
0-95
1-10
1 1
0-69
1*19
0*91
1-6
1-4
Proportionate
height to which
the weight was
raised by 10
contractions
6 hours
after
decapitation.
. .
1-27
2:i
m #1-4
Wires attached
to arm and
leg.
Wires attached
to arms.
• H = moderate, 8 = strong, w = weak.
In the first series the weight attached to the right gastro-
cnemius was two drachms, and the wires from the secondary
coil were tied to the right arm and left leg; in the second
series the weight was one drachm, and the wires were tied to
the arms of the animal.
The first column shows the number of the experiment, the
second the relative strength of the induced current employed
to stimulate ; the third shows the height to which the weight
was raised (work done) by ten shocks taken to equal one; the
VOL. iv. p
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fourth shows the height in a period of from three to five
minutes after decapitation, the fifth (where noted) shows the
height six hours after.
A reference to the table will show that in ten out of the
twelve experiments a rise after decapitation took place. In
two cases this did not occur. These were Cases 6 and 9, in
the former of which I was unfortunately unable to test the
irritability six hours after the experiment. In seven of the
cases the inorease Tas marked within five minutes, and in
three within six hours after decapitation.
Two questions now arise. The first is, is there an increase
in the intensity of reflex contraction in the frog when the
higher nerve centres are removed? On this all observers
seem now to be agreed. Cases such as NOB. 6 and 9 in the
table occur where no increase can be demonstrated; but these,
although somewhat inexplicable, are exceptional.
The second question is, does this increase represent the
mechanical effect of the removal of the higher centres, the
mechanical effect of the prevention of the passage of nerve
force to the optic lobes and cerebrum ? I have no hesitation
in saying that I believe it does. With all the experiments
care was taken during their performance that the conditions
affecting nerve and muscular irritability should remain the
same, viz. the nature, strength, and mode of application of the
stimuli, the load, and temperature. In some cases the muscle
was " afterloaded," in others the weight was allowed to bear
continually on it, care being taken that the.connections of the
muscle with the bone, fasciae, &c, should be the same all
through the experiment The fact that the blood-supply
to the nerves and muscles will be stopped, owing to the
bleeding which occurs on decapitation, will not affect their
irritability in any way.1
It might be asserted, however, that the increase of irrita-
bility is due to the effects of the decapitation on the excita-
bility of the parts below. We know that a slight increase of
irritability follows for a short time section of a nerve-trunk,
that strychnia increases greatly the irritability of the cord, and
-that a somewhat similar condition can be brought about by
> See Lttngendorff, ibid. p. I l l , note.
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the electrotonic state, and by some nerve irritation, aa in
Brown-Sequard's epileptic guinea-pigs.
Bat the explanation of the increase is, I 'think, not to be
found in any of these; the fact that in most oases it makes
its appearance in a few minutes, and lasts for hoars after
the decapitation, showing that it is not a temporary bat a
permanent condition.
We might also" on first consideration suppose that the in-
creased patellar tendon reflex in lateral sclerosis might be dne
to the sclerosis increasing in some way the irritability of the
motor parts below, just as we may suppose that in Locomotor
Ataxy the characteristic pains are caused by the sclerosis below
increasing the irritability of the sensory parts above, and we
might suppose that the marked increase in the reflex function
of the cord, which Goltz has lately described as occurring in
animals weeks or months after section, and scarcely less
marked examples of which we have all seen in man at similar
periods after disease or injury of the cord, are due to a like
structural change in the nerve tracts and centres. While
allowing, however, that the irritability of the nerve centres
may be influenced by nutritive changes, sclerosis, &c, of
certain tracts, I have no hesitation in asserting that the
increased reflex in disease, as in the frog experiments, is in
great part due simply to the concentration of the effects of
the stimulus as mentioned in the first part of this paper.
In support of this theory are, I think, those cases of tem-
porary hemiplegia due to cortical lesions in which there are
exaggerated knee jerk and foot clonus, disappearing with the
paralysis. Through the kindness of Dr. Brakenridge, I had
the opportunity of seeing one such case in his wards in the
Royal Edinburgh Infirmary last winter, and a particularly
interesting case has been reported by Dr. Hughlings-Jackson.1
Here, as the symptoms lasted only a few hours, there could
be no sclerosis, and I believe that the increased reflexes
were simply due to the condition of the cortex rendering it
incapable of receiving a stimulus and so causing a concen-
tration of nerve force in the parts below. Hughlings-Jackflon,
however, gives another explanation.
1
 'Mod. Times and Qaiette,' Feb. 1881.
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But evidence in support of this concentration theory is, 1
think, to be obtained by experiment. A closer consideration
of the table will show that the increase of contraction after
decapitation in the second series is greater than in the first.
The explanation of this we may suppose to be that when the
wires from the battery are connected with the forelegs of the
frog, there will be a greater tendency for the effects of the
stimulus to pass to the higher centres than when they are
connected one with a fore leg and the other with the hind leg
of the opposite side. On this theory we should expect
that when the reflex contraction is produced by an electrio
stimulus sent through the fore legs, its intensity should not be
so great as that of the contraction produced by sending the
current from a fore to a hind leg, or through the hind legs.
On the other hand, however, we should expect that the pro-
portionate increase of the contraction after decapitation should
be greater where the stimulus is sent, through the forelegs, inas-
much as a greater portion of the nerve impulse generated by
it will be kept concentrated in the cord. To obtain further
evidence on this point, I performed the experiments detailed
in Table II.
TABU IL
Number
of
Experi-
ment.
1
2
S
4
6
e
7
s
9
Strength
of
Cur-
rent.
M.
M.
M.
M.
M.
X.
H.
• w.
H.
Proportlonite height to
which the weight i n ralaed
by 10 contractions In the
intact frog.
When the
wires were
attached to
the arms.
1-5 in. = 1
1-27 „ = 1
0-86 „ = 1
0-7 „ = 1
1-9 „ = 1
Wires attached to
the anni.
1-7 in. = 1
1-7 „ = 1
0-9 „ = 1
1-6 „ = 1
When the wires
were attached to
one arm and
one leg.
0-9
0-8
1-2
1-2
1-1
Wires attached
to the legs.
l-4»
103*
1»
2*
Proportionate height to
which the weight was ralMd
by 10 contractlona a few
mlnutee after decapitation.
When the
wires were
attached to
the arms.
103
1-2
1-4
1-7
1-2
Wlre< attached to
the arms.
1-2
1-2
1-05
1-7
When the wires
were attached to
one arm and
one leg.
0-9
1-4
1-3
1 6
1-2
Wires attached to
the legs.
1-5*
1-1»
1 1 *
2-l»
* Contraction to making and breaking Induction shock*.
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In both series the weight was one drachm. In the first
series the first column represents the number of the experiment,
the second the strength of the current, the third the height to
which the weight was raised when the ten shocks were sent
through the arms, taken as one,, and the fourth the same when
the shocks were sent by the wires attached to a fore and a hind
leg. The fifth and sixth columns represent the heights attained
by contractions induced in the same way, three or four minutes
after decapitation. As regards series 2, the only explanation
further required is that the contractions, the height of which
are marked in the fourth and sixth columns, were produced
with the wires attached to the hind legs immediately below
the knee-joints.
An examination of the table shows that in the first series
the contractions produced by stimuli sent through the fore
legs were in the intact frog less in three cases out of five than
those produced by sending the stimuli. through a fore and a
hind leg, in two cases they were greater. In the second series,
in three out of four cases the contractions induced by stimula-
tions sent through the forelegs were less than when sent through
the hind legs; in one case they were similar in intensity.
Both series show that the increase after decapitation was more
marked when the forelegs were stimulated, the exceptions
being No. 2 in the first, and No. 3 in the second series.
These results therefore agree in the main with what we on
theoretical grounds assumed, and are, I think, in favour of the
view that the increased contraction, which occurs, either on
removal of the higher centres or where from any cause nerve
impulses are prevented from passing to them, is due to a con-
centration of nerve force. But granting that this increased
contraction is due to this extra amount of nerve force being
sent to the muscles, can we form any estimate as to its
amount? We have just seen that it is greater when the
stimuli are sent through the arms than through the legs, and
we have offered a possible explanation of this. But when we
reflect on the many conditions by which the muscle and nerve
irritability of the frog may be influenced, and consider that
the experiments are for such a purpose few in number, we
shall not attempt to form any very exact estimate.
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In Table IL the average increase in height after decapitation
when the stimuli were sent through the forelegs, was -29, the
least being * 03 and the greatest * 7; whilst when the stimuli
were sent through the fore and hind leg, as in the first series,
Or through the hind legs, as in the second series, the average
increase was " 17, the least being 0 and the greatest • 6.
Bat whatever value we may ascribe to those numbers, it is
satisfactory to be able to remark that they are to a certain
extent at least corroborated. Thus Langendorff, experimenting
after the method of Setschenow on the diminution in time of
the manifestation of reflex action on removal of the higher
centres, says that the "reflex strength," LeMthe rapidity with
which the response follows a peripheral stimulation, is inversely
proportional to the time, and gives the following as his first
experiment.
VMMCOH L
LtokwBdn.
9
7-8
14
10-11
13
10
Reohte* Beta.
9
8
Stare bedentend Verdtant
Sohnltt dnnh dte nobte
HUftcderMed.aU.dkbt
Mn^ ff dan OonbeUom.
18-19
18-19
10
17-18
In this experiment Langendorff, by dividing the right half of
the medulla oblongata, severed a nervous connection (the
nature of which we shall say a little more about by-and-by)
between the left half of the cord and the higher centres.
He thus increased the reflex irritability of the left leg, as
shown by the shorter periods which elapsed before reflex con-
tractions took place. If now we remember that the reflex
strength is inversely proportional to the reflex time, the con-
sideration of his results will, I think, convince us that our
results are only such as might have been & priori expected.
But now an important consideration presents iteelf. If this
increase in the intensity of muscular contraction, which takes
place when the higher centres (medulla oblongata, optic lobes,
cerebrum) are removed, is brought about by the nerve force
which would otherwise have passed to them being directed to
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the muscles, and if in the normal condition the passage of
this nerve impulse to those centres will excite their several
functions, it follows that our experiments may be looked upon
as affording what may be called a " mechanical equivalent"
of their collective functions. It follows, further, that if we
in a similar manner test and compare the strength of the reflex
contraction before and after the removal of the cerebral lobes
only, we may obtain a " mechanical equivalent" of their in-
dividual functions. I have performed this experiment several
times, but was only fairly successful in two cases. In the first,
the rise after removal of the cerebral lobes was 0 * 7; in the
second, it was • 1; and on consideration of these experiments
I must mention that I believe that the rise in the first case
was too great, inasmuch as when the frog was experimented
on before removal of the cerebral lobes, it had not quite
recovered from the effects of the removal of the skull-cap.
This of course is only a hypothesis, and I regret that I have
no other experiments bearing on this point to adduce.1 We
should, however, expect to find, if our theory be correct, that
the increase in the reflex contraction is not so great after
removal of the cerebral lobes as after removal of the optic
lobes and medulla as welL
In stating that these experiments may afford a mechanical
equivalent of the functions of the higher parts of the nervous
system, many important points require to be considered.
In the first place, we must remember that a stimulus of some
sort is required to excite function in these higher centres, so
that, supposing that they are removed, or their power of
response to a stimulus is destroyed, a something will be kept
in the cord which would otherwise have left it. Of course
this stimulus might bear no proportion to the amount of
energy which it will liberate in those higher centres, just as
an explosion of tremendous magnitude may be produced by
the slightest pressure on a hair-trigger.
We must, in the second place, remember that the mechanical
effects will vary with stimuli of the same nature and strength,
1
 Owing to legislative enactment* in this country, the experiments entailing
virisection were performed on the Continent, under rather disadTantageous cir-
cumstances, at the boginning of hut summer session.
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according to the areas to which they are applied. Thus in
our experiments we have seen that the increase after removal
of the higher centres was greater when the stimuli were applied
to the fore than to the hind legs. We have given a probable
explanation of this, and need no more than mention the well-
known experiments of Pfluger on the directions in which
nerve impulses, generated as the result of peripheral stimula-
tion, are transmitted.
We must remember in the third place, also, that stimuli of
the same nature, of the same strength, and applied to the
same parts, will produce very different effects in different indi-
viduals, and in the same individual at different times. Very
good examples of this in different individuals are given by
Lauder-Brunton in his article on " Inhibition, Peripheral and
Central," in the 'West Biding Asylum Eeports for 1874/
voL iv. Thus a stimulus applied to the peripheral termina-
tions of the optic auditory or cutaneous nerves, which in the
boy will be almost entirely expended in producing muscular
contraction resulting in a blow, " may, by passing to the brain,
lead to action by-and-by, as in a Corsican vendetta, where the
avenger pursues his intended victim for years until a favour-
able opportunity occurs, and by a thrust of his dagger he
satiates his thirst for vengeance. Or they may excite ideas of
the sinfulness of revenge and the advantages of peace, and
thus lead to pacifio actions. Or, finally, they may be nearly
effaced by the effects of other stimuli of a different nature,
arising from the pressure of daily work and daily care, and lead
to no action at all, though it is probable that they always leave
an alteration more or less slight in the ideational centres."
As an example of stimuli of the same nature, of the same
strength, and applied to the same part, producing in the same
individual different effects at different times, no better can
be quoted than that given by the late George Henry Lewes.1
In explaining the aotion of stimuli on respiration, he mentions
that'the "external local application," which in the new-born
child acts as a stimulus to the respiratory and motor centres,
will in later years " be freely used as a stimulus to virtue
or learning."
1
 ' Physiology of Common life,' p. 408.
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In addition, we must remember that the increase in the
extent of the contractions which takes place after removal
of the higher centres, will not represent the total amount of
the nerve force which, in the intact frog, would have gone to
stimulate these parts, inasmuch as there is an overflow of this
nerve force to other muscles which we cannot estimate, and
which may not be proportionately equal before and after the
removal of these centres.
I need therefore say no more as regards the possibility of
obtaining a precise mechanical equivalent of nerve or brain-
work ; but there are certain facts which seem to corroborate my
experimental work, in denoting that it must be very high, and
these I shall now proceed to discuss.
It has been estimated, for example, that in man the pro-
portion of the weight of the brain and spinal cord to body-
weight is about 1 to 40, and that the amount of blood
circulating at any moment in these parts is about one-fifth
of the total amount of blood in the body. This shows that
the molecular decomposition in nervous tissue is enormously
active; this is further shown by the instantaneous effects of
deprivation of blood supply, e.g. the syncope which follows
compression of the carotids, the paraplegia which follows
ligature of the abdominal aorta.
Eemembering this, and the frog experiments, we can believe
the phenomenon related by Carpenter1 that Braid (the
Manchester Surgeon and investigator of Hypnotism), in his
presence, enabled a man, so remarkable for the poverty of his
physique that he had for many years scarcely ventured to lift
a weight of 20 lbs., to take up a weight of 2S lbs. on his little
finger and swing it round his head with the greatest apparent
ease. Carpenter says " neither Mr. Braid nor his son, both of
them powerful men, could do anything like this, and I could
not myself lift the same weight on my little finger to more
than half my own height."
This patient was, of course, in the hypnotic state, and this
and many other of the hypnotic phenomena of the intensi-
fying of the senses of hearing, sight, smell, &c, have been
explained as being due to a like concentration and consequent
intensification of nerve force.
1
 ' Montal Physiology,' p. C06.
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But, granting that nerve force has a very high mechanical
equivalent, to enable us better to understand examples of this,
let us endeavour to discover how a concentration of nerve
force and consequent intensification can be brought about. It
appears that this can be done in either- or both of two ways;
first, by preventing overflow of nerve force from the nerve
tract involved to other tracts; and, secondly, by preventing
interference with the nerve force in the nerve tract involved
by overflow into it from other tracts.
In every case we may, I think, suppose that both of these
conditions may act. For instance, the increased reflex action
in the decapitated frog, in paraplegia, lateral sclerosis, &c,
may be assumed to be due to the prevention of overflow from
certain tracts in the cord; but we must not forget that in the
intact frog, or in the healthy individual, the slighter reflex
response may have been due to interference with the nerve
force in the lower part of the cord by nerve impulses passing
downwards from the brain.
Similarly with the hypnotic experiments, it is impossible to
say in such a case as that detailed by Carpenter how much of
the great increase of nerve force was due to either of those
conditions acting separately.
But we do not require to look to frogs, hypnotic patients, or
paraplegics to assure ourselves of the value of concentration
of nerve force. We all know how the action of stimuli—visual,
auditory, cutaneous—interferes with study, and conversely
how the working out of a difficult problem renders us for the
time incapable of perceiving all ordinary stimuli. The stag-
gering gait and incoordinate purposeless movements which,
occur in the child when he is learning to walk may be looked
upon as being in part, at least, due to a want of concentration,
for here the various stimuli necessary for equilibration—cuta-
neous, muscular, labyrinthine, visual, visceral—are probably
carried to other areas, as well as those intended to receive
them, and from those areas the motor-nerve impulses are
carried to muscles other than those required to contract As
the result of practice, however, certain definite nerve tracts are
channelled out; no useless escape of nerve force takes place,
and the function is performed perfectly. Similarly in learn-
ing to read, to play a piece of music; we all know that such
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actions can be best performed when they are done, as the
expression is, " without thinking."
Our theory also enables us to understand the difference in
the manifestations of a developed and an undeveloped intelli-
gence. As Herbert Spencer1 says, " The brain of the un-
cultivated man, as compared with that of the cultivated man,
must be one in which the routes taken by nervous discharges are
less numerous, less involved, less varied in the resistances they
offer; one, therefore, in which the number of ideas that can
follow a given antecedent is smaller, and the degrees of
strength with which they can present themselves are fewer;
one, therefore, in which the possibilities of thought are more
limited, and the balancing between alternative conclusions
less easy. This is the reason that ign6rant people generalise
hastily, and adhere obstinately, to the erroneous conclusions
based on their scanty experiences; while the highly instructed
man is able to keep his judgment undecided, waits for more
evidence, contemplates other possible inferences than the one
he is inclined to draw, and is ready to abandon or qualify his
conviction when he discovers facts at variance with i t "
No stronger argument in favour of the concentration theory
can-be brought forward than the constantly observed associa-
tion in individuals of ignorance and obstinacy.1
Assuming now that this increase in the reflex function of
the cord which ensues on the removal of the higher centres is
due to the obstruction or cutting through of nerve channels,
and consequent concentration, our next subject is to consider
more in detail what those channels are.
The first idea which is here likely to occur is that they are
sensory, inasmuch as we stated at the beginning of this paper
that the impulse generated in the cord by peripheral stimu-
lation is in part conducted to the brain, to produce conscious-
ness, and in part to the muscles, to produce motion.
The clinical evidence on this point is very conclusive.
Carpenter* relates two cases recorded by l)r. William Budd,
1
 ' Principle* of Pgyohologj,' voL i. p. 682.
1
 Compare Letonmeen's ' Sooiologj,' Book m. ohap. L " The Beflex action
according to Baoe and Omlization."
1
 'Mental Physiology,' p. 70.
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in which there was more or less complete paralysis of motion
and sensation in the legs as the result of spinal lesion in the
dorsal region. The reflex response of the muscles of the legs
to pricking, pin'ching, was greatly increased even when
those stimulations were felt by the patient, but the stimula-
tions which were most efficacious in producing reflex con-
traction were those of which " no consciousness whatever was
experienced."
But the sensory channels are not the only ones, obstruction
of which leads to increased reflex action. In lateral sclerosis
of the spinal cord, an increase of the reflex irritability (both
skin reflex and knee jerk) is common, and here, since there is
not necessarily any diminution of the cutaneous sensibility, we
may suppose that the motor channels alone are obstructed.
Again, Langendorff has demonstrated that one side of the brain
exercises its so-called " inhibitory " influence over the oppo-
site side of the body, and that these " inhibitory " fibres cross
in the medulla oblongata. This corresponds to the paths
followed by the motor fibres, and corroborates clinical observa-
tion in lateral sclerosis.
But since obstruction of motor fibres in the cord causes,
by corresponding concentration, increased reflex action in the
parts below, we have here additional evidence for the view
that such fibres carry centripetal as well as centrifugal im-
pulses. That nerves can conduct in both directions is now
admitted, and many observations could be quoted on the point.
The one mentioned by Kuhne, that if one terminal twig of a
forked motor nerve be stimulated, activity is induced in the
other terminal twig, provided the common trunk be intact, and
that hence the fibres of the former must have conducted in a
centripetal direction, seems, however, specially applicable.
Finally, since the grey matter can conduct both motor and
sensory impulses, we may suppose that section or obstruction of
it alone would lead to increased reflex action of the other parts
of the cord.
